Diacylglycerol contents of excised soybean (Glycine max L.) hypocotyl segments, incubated for 4 hours in the presence or absence of a growth promoting concentration of 2,4-dichlorophenoxyacetic acid (2,4-D) were monitored by three different methods as a sensitive measure of the action in vivo of C-type phospholipases. By all three methods, steady state levels of diacylglycerols representing about 3% of the total lipids or about 7% of the neutral lipids, depending on method of assay, declined 18% over 4 hours of incubation as determined by extraction of total lipids and analysis by thin layer chromatography and densitometry. The average decline with 2,4-D-treated segments was less but the difference from controls was not significant. In those experiments where a small effect of 2,4-D was noted, the fraction showing an elevated diacylglycerol level in response to 2,4-D, after separation into membrane and supematant fractions, was the supernatant and not the membranes. Results were confirmed from analyses of total fatty acids in each of the major lipid fractions and from diacylglycerol assays by conversion into phosphatidic acid upon incubation with [-y-32P]ATP and purified diacylglycerol phosphokinase from Escherichia coli. In the presence of 2,4-D, the diacylglycerol content of the membranes was unchanged compared to membranes from control segments. As with the densitometric method, the small 2,4-D induced increase in diacylglycerols, when observed, was insignificant and in the supernatant. The only membrane-associated lipid fraction consistently showing a response to 2,4-D was the fraction containing sterols esterified with fatty acids. Either total microsomes or purified plasma membranes when incubated for 10 to 20 minutes with 1 micromolar 2,4-D showed no accelerated formation of diacylglycerols compared to membranes not incubated. The results do not support operation during auxin growth of the animal paradigm where diacylglycerol activation of C-type protein kinases occurs in response to activated phospholipase C breakdown of phosphoinositides.
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of phospholipase action, the diacylglycerols, is usually present only in low levels in biological membranes. Increases in steady state levels of diacylglycerols in response to a particular effector might not only signal the possible in situ involvement of a phospholipase in the response cascade but may be important as regulators of other enzyme activities. In mammalian cells, protein kinases of the C type are activated specifically by certain phospholipids and diacylglycerols in combination (16) .
In this study, steady state levels of diacylglycerols in auxintreated hypocotyl segments were compared to levels present in segments incubated without auxin. Membrane diacylglycerols were largely unaltered with 2,4-D treatment. Therefore, steady state stimulation of elongation growth of soybean hypocotyls is not readily explicable in terms of the signalresponse paradigm involving phospholipid metabolism and diacylglycerol activation of membrane-associated C-type protein kinases.
MATERIALS AND METHODS

Plant Material
Seeds of soybean (Glycine max (L.) Merr., cv Wayne) were soaked in deionized water 4 to 6 h, planted in moist vermiculite, and grown 4 to 5 d in darkness. Two cm long segments, cut 5 mm below the cotyledons, were harvested under normal laboratory conditions and used for isolation of membranes.
Studies in Vivo
Excised intact hypocotyl segments 1 cm long were incubated with or without 1 ,uM 2,4-D in water at 25°C and in darkness for the times indicated. The solutions (5 mL) were contained in 1 x 10 cm covered Petri dishes.
The hydrolysis ofphospholipids catalyzed by various lipases yield substances that may serve important roles as second messengers. These include inositol phosphates (1), calcium ions (24) , and diacylglycerols (1, 16 (Table II) . With incubation of tissue segments, the proportion of diacylglycerols declined ( Fig. 3 ; Tables I-III) . The decline on average was numerically less with segments incubated with 2,4-D but the differences, even after 4 h of incubation, were small and insignificant (Table I) absence (Fig. 4) . However, with microsomes, no difference was apparent either visually (Fig. 4) or by densitometry (not shown). The 2,4-D increase was primarily in the supernatant fraction.
When quantitated on the basis of analyses of the total fatty acids (Table II) , membrane-located diacylglycerols again declined with tissue incubation but the proportions were unchanged as a result of 2,4-D treatment. The supernatant contained 25% or more of the diacylglycerols and free fatty acids and about 65% of the triacylglycerols but only 6% of the phospholipids. Diacylglycerols of the supernatant fraction were increased by treatment of the tissue with 2,4-D.
As 
DISCUSSION
The action of a number of animal effectors including growth factors and hormones (1, 16) may involve the formation of diacylglycerols from phosphoinositides through the action of an inositol phosphate-specific phospholipase C. These diacylglycerols are considered of themselves to serve important functions as activators of C-type protein kinases involved in the signal response cascade ofgrowth control (20) .
In plants, phospholipid breakdown and altered phosphatidylinositol metabolism have been observed with isolated membrane vesicles (12, 21) as has the occurrence (2, 14, 21) and formation (22) of inositol phosphatides in plants. However, evidence for the in situ operation of an auxin-responsive pathway of phosphoinositide breakdown is altogether lacking as is information concerning the possible involvement of a hormone-responsive C-type phospholipase (18) . Diacylglycerols, because of the low natural abundance, provide a sensitive indicator for effector stimulated phospholipid breakdown in situ (9, 26) . Thus, the present evidence for a lack of response to auxin treatment of the steady state level of diacylglycerols does not support the operation in auxin control of growth of the animal paradigm where diacylglycerols activate a membrane-associated C-type protein kinase in response to accelerated phosphoinositide turnover. Alternatively, the lipid changes in response to auxin might result from other types of phospholipases (e.g. phospholipase D-or an A-type phospholipase). Thus far, we have been unable to demonstrate a direct effect of auxin on phosphoinositide-or polyphosphoinositide-specific phospholipase C despite their existence in both soluble form and in association with the plasma membrane of soybean hypocotyls (1 1, 18) .
When separated into membrane-associated (microsome) and supernatant fractions, only 5% of the phospholipids and 63% of the triacylglycerols were found in the supernatant, presumably largely as lipid droplets or spherosomes that float upon centrifugation to enter the supernatant fraction (8) . This contrasts with diacylglycerols where about 25% are found in the supernatant fraction suggesting a preferential association with membranes but a presence in lipid droplets as well. Even if the small alterations in diacylglycerol levels sometimes observed with auxin treatment were significant, their restriction to the supernatant fraction would be difficult to reconcile with any known regulatory role. A small, unspecific stimulation of protein kinase activity by diacylglycerol and calcium in both crude membranes (13) and in partially purified preparations (4, 23) has been reported but a membrane located, diacylglycerol-stimulated C-type protein kinase remains to be reported for plants. Activation of protein kinase C by diacylglycerol is considered normally to be a consequence of diacylglycerol increasing the affinity of the enzyme for Ca2" to reduce the amount of Ca2' needed to stimulate activity (3, 15, 17) . While it is conceivable that diacylglycerol could act through some interaction with a soluble protein kinase, this type of regulatory mechanism seems less consequential than a mechanism based on activation of a membrane-bound kinase. With soybean hypocotyls, evidence for a C-type protein kinase is lacking and membrane-associated diacylglycerols were mostly reduced or unchanged by auxin treatment of hypocotyl segments. Thus, while the animal paradigm cannot be ruled out as a mediator of auxin control of elongation growth in etiolated soybean seedlings, the possibility remains that plants may have evolved second messenger systems for growth control distinct from those of animal cells. Alternatively, diacylglycerol increases may occur as part of the signal transduction cascade but either may be transient (lasting seconds, for example) or sufficiently small so as to be undetected against a background decrease representing less than 1% (30% of 3% over 8 h) of the total lipids. LITERATURE CITED
